
John	  C.	  Linford,	  Samuel	  Khuvis,	  
Sameer	  Shende,	  Allen	  Malony	  

ParaTools,	  Inc.	  

Neena	  Imam,	  
Manjunath	  Gorentla	  Venkata	  

ORNL	  

OpenSHMEM’16	  
2	  August	  2016	  
BalPmore,	  MD	  



•  Characterize	  the	  performance	  of	  producPon	  
applicaPons	  operaPng	  at	  large	  scales	  without	  
modifying	  the	  applicaPon	  or	  relying	  on	  
debugging	  symbols	  or	  interfaces	  like	  PSHMEM.	  

•  ProducPon	  è	  reduced	  tool	  support.	  
– PSHMEM	  and	  similar	  unlikely	  to	  be	  present.	  
– New	  performance	  bugs	  likely	  to	  appear.	  
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Direct	  via	  Probes	   Indirect	  via	  Sampling	  

•  Exact measurement 
•  Fine-grain control 
•  Calls inserted into code 

•  No code modification 
•  Minimal effort 
•  Relies on debug 

symbols (-g option) 

call TAU_START(‘potential’) 
// code 
call TAU_STOP(‘potential’)	  



•  Parse	  SHMEM	  headers	  and	  discover	  SHMEM	  API.	  
•  AutomaPcally	  generate	  a	  wrapper	  library.	  

– Obviates	  PSHMEM	  
– No	  debugging	  symbols	  required	  

•  Use	  the	  linker	  to	  intercept	  SHMEM	  calls	  
– Dynamic:	  LD_PRELOAD	  
–  StaPc:	  ld	  -‐wrap	  flag	  

•  Build	  into	  the	  TAU	  Performance	  System®	  
– Works	  well	  in	  producPon	  environments	  
–  Low	  runPme	  overhead	  (~4%)	  
–  Scalable	  
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•  ~25	  year	  project	  
•  Integrated	  toolkit	  for	  performance	  

problem	  solving	  
–  InstrumentaPon,	  measurement,	  
analysis,	  visualizaPon	  

–  Portable	  profiling	  and	  tracing	  
–  Performance	  data	  management	  and	  
data	  mining	  

•  Direct	  and	  indirect	  measurement	  
•  Free,	  open	  source,	  BSD	  license	  
•  Available	  on	  all	  HPC	  plaforms	  (and	  

some	  non-‐HPC)	  
•  hgp://tau.uoregon.edu/	  
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TAU	  Architecture	  
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dynamic.exe	  staPc.exe	  

TAU	  

PDB	  file	  

PDT	  

select.tau	  

SHMEM	  
Headers	  

wr.c	   wr_dynamic.c	   Makefile	  

libwrapper.so	  libwrapper.a	  

ld -wrap LD_PRELOAD 



•  Use	  the	  -wrap	  linker	  opPon	  
•  Undefined	  reference	  to	  

“sym”	  resolves	  to	  
“__wrap_sym”

•  Undefined	  reference	  to	  
“__real_sym”	  	  
resolves	  to	  “sym”

•  Use	  TAU	  compiler	  wrapper	  
scripts	  with	  -‐optLinkOnly,	  e.g.	  
tau_ftn.sh \
    -optLinkOnly \
    -o static.exe *.o
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•  Unresolved	  reference	  to	  “sym”	  binds	  to	  “sym”	  in	  wrapper	  library,	  which	  calls	  
“__wrap_sym”	  implemented	  in	  the	  staPc	  wrapper.	  

•  Unresolved	  reference	  to	  “__real_sym”	  in	  staPc	  wrapper	  binds	  to	  “__real_sym”	  
defined	  in	  dynamic	  wrapper.	  

•  “__real_sym”	  uses	  dynamic	  linker	  API	  to	  locate	  “sym”	  and	  call	  it.	  
•  Use	  tau_exec:	  

–  oshrun -np 256 tau_exec –T serial -shmem ./foo.exe



Profiling	  ProducPon	  OpenSHMEM	  ApplicaPons	  
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% paraprof (Click	  on	  label,	  e.g.	  “Mean”	  or	  “node	  0”)	  

Time	  not	  spent	  in	  
SHMEM	  calls	  

•  ISx	  weak	  scaling	  isobuckets	  
•  256	  PEs	  on	  16	  Titan	  nodes	  
•  	  aprun -n 256 -N 16 tau_exec -shmem isx.weak_iso
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% paraprof (Click	  on	  label,	  e.g.	  “Mean”	  or	  “node	  0”)	  

Time	  not	  spent	  in	  
SHMEM	  calls	  

•  ISx	  strong	  scaling	  
•  256	  PEs	  on	  16	  Titan	  nodes	  
•  	  aprun -n 256 -N 16 tau_exec -shmem isx.strong
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% paraprof (Right-‐click	  label	  [e.g	  “node	  0”]	  à	  Show	  Context	  Event	  Window)	  
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% paraprof (Right-‐click	  label	  [e.g	  “node	  0”]	  à	  Show	  Context	  Event	  Window)	  
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% paraprof (Windows	  à	  3D	  VisualizaPon)	  
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% perfexplorer (Charts	  à	  RunPme	  Breakdown)	  
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% perfexplorer (Charts	  à	  Stacked	  Bar	  Chart)	  
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% perfexplorer (Charts	  à	  Correlate	  Events	  with	  Total	  RunPme)	  



Profiling	  ProducPon	  OpenSHMEM	  ApplicaPons	  
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hSp://tau.uoregon.edu	  
	  

hSp://github.com/ParaToolsInc/taucmdr	  
	  

hSp://www.hpclinux.com	  
	  

Free	  download,	  open	  source,	  BSD	  license	  
	  


